Background and objectives Whether chronic kidney disease (CKD) should also be considered a coronary disease equivalent like diabetes is not clear.
Introduction
Compared with the general population, patients with chronic kidney disease (CKD) have an increased burden of cardiovascular disease, cardiovascular events, and all-cause mortality (1) (2) (3) . Patients with mild CKD, moderate CKD, and those with ESRD on dialysis are all at high risk of cardiovascular events (1, 4, 5) ; however, CKD is not considered a coronary disease equivalent. In contrast, patients with diabetes mellitus have an increased burden of cardiovascular disease, cardiovascular events, and all-cause mortality. Diabetes mellitus is not considered simply a cardiovascular risk factor but also a cardiovascular disease equivalent (6) . In other words, the presence of type II diabetes mellitus is considered equivalent to having preexisting atherosclerotic cardiovascular disease. This dichotomy in consideration of these cardiovascular risks of CKD and diabetes mellitus may be because of lack of head-to-head comparisons of these two conditions.
The Veterans Administration (VA) hospitals serve predominantly an older male population with a high prevalence of diabetes mellitus and CKD. These patients often have a high prevalence of cardiovascular risk factors and cardiovascular disease. These patients can thus provide an estimate of risk posed by diabetes mellitus and CKD on the future risk of myocardial infarction (MI). Accordingly, the purpose of this study was to describe the rate of MI, determine the risk factors associated with this risk, and to ascertain the cumulative incidence of MI in the context of competing risk of death. We used a factorial design with CKD and diabetes as risk factors to determine the risk of future MI. A long duration of follow-up that spanned a decade allowed us to capture many events to provide head-to-head information on the comparative hazards of diabetes and CKD on the future risk of MI.
Materials and Methods

Study Cohort
This was a prospective cohort study of patients recruited from the renal clinic and a general medicine clinic of the Richard L. Roudebush Veterans Affairs Medical Center in Indianapolis. Patients were excluded for a body mass index (BMI) Ͼ 40 kg/m 2 , acute renal failure, receiving renal replacement therapy, atrial fibrillation, or a change in their antihyper- tensive drugs within 2 weeks of study enrollment. These exclusion criteria allowed for accurate BP measurement. CKD was defined as the presence of proteinuria on a spot urine specimen when the protein/creatinine ratio was Ն0.22 g/g or estimated GFR was Ͻ60 ml/min per 1 (7) . A urine protein/creatinine ratio of Ͼ0.22 g/g correlates with a urine protein excretion of Ͼ300 mg/d, the standard definition of clinical proteinuria (8) . Accordingly, we selected this threshold of urine protein/creatinine ratio to reflect CKD.
The Institutional Review Board of Indiana University and the Research and Development Committee of the Veterans Affairs Medical Center approved this study, and all patients gave their written, informed consent.
A medical history was obtained and physical examination performed on each participant. Coronary artery disease was defined as previous evidence of MI, coronary artery bypass surgery, or percutaneous coronary intervention after consideration of the individual's history and evaluation of his medical records. Diabetes mellitus was defined as treatment with insulin or oral hypoglycemic agents. Actual medications being taken by the subjects were recorded.
A urine creatinine assay was performed with a modification of the Jaffe reaction (Boehringer Mannheim no. 450019) and a urine protein assay was performed with a turbidometric method using benzethonium chloride read at 550 nm using a Hitachi 911 analyzer (Boehringer Mannheim, Roche Diagnostics Corporation, Indianapolis, IN). A single random urine specimen was used from each participant.
Patients received follow-up care, generally three to four annual visits, by their respective physicians at the Veterans Affairs Medical Center. No interventions occurred as a result of participation in the study. We only ascertained the outcomes of MI or mortality at follow-up.
Ascertainment of MI and Mortality
Each patient's electronic medical record was manually examined for notation of MI. Specifically, the diagnosis of MI was not based on an International Classification of Diseases code. The diagnosis of MI required anginal pain or the equivalent (e.g., shortness of breath) and changes on electrocardiogram consistent with a MI or time-concordant elevation of cardiac enzymes (9) . The ascertainment of death was established using the computerized VA electronic medical record system. The last date of visit to any VA facility was used to determine the last date of followup. In patients who were not seen at a VA facility in the prior 6 months, the social security death index was checked for mortality.
Statistical Analyses
Using a 2 ϫ 2 factorial design with diabetes (present or absent) and CKD (present or absent) as factors, we compared the baseline characteristics for continuous variables using a two-way ANOVA and for categorical variables using the Cochran-Mantel Haenszel test. The incident rate of MI and the incident rate ratio for CKD and diabetes mellitus were calculated using Poisson regression. This rate was further adjusted for age, sex, and race. Multivariate adjustments were then made by using demographic factors, coronary risk factors, pre-existing coronary disease, and coronary risk equivalents. In a model that included indicator variables for CKD and diabetes mellitus, the following variables were used for multivariate adjustment: age, sex, race, prevalent coronary artery disease, ambulatory systolic BP, use of antihypertensive medication, current smoking, angiotensin converting enzyme (ACE) inhibitor (ACE) or angiotensin II receptor blocker (ARB) use, and the use of aspirin or statin.
Estimates of mortality were made by the Kaplan-Meier method. Estimates of time to multiple MIs were made by a Cox proportional hazards model. Proportionality assumption of the model was tested by analyzing the statistical significance of the Schoenfeld residuals. Given the limited number of multiple MIs, more than two MIs were coded as 2. Multivariable adjustments followed the same strategy as above.
A competing risk Cox regression model was used to analyze the independent risk of MI after allowing for the competing risk for death. Competing risks were evaluated using standard procedures with death as the competing outcome for MI using stcrreg in Stata 11.0. All analyses were performed using Stata 11.0 (Stata Corporation, College Station, TX). P values are two-sided and significance was set at 0.05.
Results
The baseline characteristics of the sample are shown in Table 1 . Because we have analyzed the risk of MI by CKD and diabetes, the baseline characteristics are broken into these strata. Patients with CKD had the following characteristics that were statistically significant: older, more men, more blacks, fewer nonsmokers, more prevalent coronary artery disease (especially coronary artery bypass grafts), greater numbers of antihypertensive medications (particularly the use of loop diuretics, dihydropyridine calcium channel blockers, ␤-blockers, ␣-blockers, ACE inhibitors, or ARBs), greater use of statins and aspirin, higher systolic BP, lower heart rate, lower hemoglobin, and lower cholesterol. Patients with diabetes mellitus had the following characteristics that were statistically significant: greater BMI, more prevalent coronary artery disease (especially MIs and coronary artery bypass grafts), greater number of antihypertensive medications (particularly the use of loop diuretics, centrally acting agents, ACE inhibitors, or ARBs), greater use of statins and aspirin, and lower cholesterol. The presence of diabetes mellitus and CKD (interaction effect) had the following characteristics that were statistically significant: fewer nonsmokers, more loop diuretic use, less ACE inhibitor use, higher ambulatory systolic BP, lower estimated GFR, greater proteinuria, and higher cholesterol.
Among those with CKD, more than half of the patients had stage 3 CKD and 38% had stage 4 CKD. Patients with diabetes mellitus also had more advanced kidney disease.
Incidence Rate of MI in CKD and Diabetes
Sixty MIs were documented over a decade. Of these, 45 patients experienced single events, 4 patients had two MIs, and 1 each had three and four MIs. Most of these events were in the CKD group; the non-CKD group had only six patients experiencing one MI and one patient having two MIs.
In the non-CKD group, the unadjusted incident rate of MI was 0.047/yr (95% confidence interval [CI] 0.014 to 0.079). In the CKD group, the unadjusted incident rate of MI was 0.206/yr (95% CI 0.150 to 0.262). The incident rate ratio for MI in CKD was 4.4 (95% CI 2.1 to 9.3, P Ͻ 0.001). Adjusting for age, sex, and race reduced the incident rate ratio for MI in CKD to 4.3 (95% CI 2.0 to 9.4, P Ͻ 0.001).
In the nondiabetic group, the unadjusted incident rate of MI was 0.094/yr (95% CI 0.060 to 0.128). In the diabetic group, the unadjusted incident rate of MI was 0.273/ yr (95% CI 0.177 to 0.369). The incident rate ratio for MI in diabetes was 2.9 (95% CI 1.8 to 4.8, P Ͻ 0.001). Adjusting for age, sex, and race reduced the incident rate ratio for MI in diabetes to 2.8 (95% CI 1.7 to 4.6, P Ͻ 0.001).
In a model containing indicator variables for CKD and diabetes mellitus, multivariate adjustment revealed the incident rate ratio for MI in CKD as 3.5 (95% CI 1.4 to 8.5, P ϭ 0.005) and for diabetes mellitus as 2.5 (95% CI 1.4 to 4.7, P ϭ 0.003). None of the other risk factors besides CKD and diabetes mellitus were significant at the 5% level. Table 2 shows the subhazard ratios of the competing risk model. The subhazards for MI were increased among patients with CKD and those with diabetes mellitus. The risk of MI was nearly fourfold elevated in preference to allcause mortality in those with CKD. The competing risk for MI was more than twofold elevated in those with diabetes mellitus. The remaining risk factors did not achieve statistical significance. Figure 1 shows the cumulative incidence of MI as a function of CKD and diabetes after accounting for multivariable risks. Compared with patients without CKD and without diabetes mellitus, those with diabetes mellitus had a greater cumulative incidence of MI. However, compared with patients without CKD but with diabetes mellitus, those with CKD but without diabetes had a higher cumulative incidence for MI. It is clear that those with CKD and diabetes mellitus had the greatest subhazard for incident MI of approximately 20% at 10 years.
Competing Risks of MI and Mortality
Mortality and Risk of Mortality Due to MI
We observed 184 deaths (40 in the non-CKD group, 144 in the CKD group) over a cumulative follow-up of 1112 patient-years in the non-CKD group and 1663 patientyears in the CKD group. This yielded a crude mortality rate of 3.59 per 100 patient-years in the non-CKD group and 8.66 per 100 patient-years in the CKD group (P Ͻ 0.001 by log-rank test).
Of the 184 deaths, 108 occurred among nondiabetics and 76 among diabetics over a cumulative follow-up of 2036 patient-years in the nondiabetic group and 739 patientyears in the diabetic group. This yielded a crude mortality rate of 5.30 per 100 patient-years in the nondiabetic group and 10.28 per 100 patient-years in the diabetic group (P Ͻ 0.001 by log-rank test). Table 3 shows the risk for all-cause mortality for CKD and MIs. As expected, CKD increased the all-cause mortality rate 1.86-fold. Prevalent coronary artery disease more than doubled this risk, whereas incident MI more than tripled this risk. Having multiple MIs had a risk of death that was similar to having one MI. Diabetes mellitus was not associated with a statistically significant elevation in all-cause mortality.
Discussion
The major findings of our study are as follows. (1) The incidence rate of MI in those with diabetes is Figure 1 . | Cumulative incidence rates for MI as a function of diabetes and CKD. Cumulative incidence rates assume the covariates shown in Table 2 to be at their means. DM, diabetes mellitus. approximately 2.5 times, but in those with CKD the hazard ratio (HR) at 3.5 is even higher. (2) The cumulative incidence for MI over a decade of follow-up is undoubtedly increased with diabetes. However, whereas diabetes increases this risk by approximately 2.4, CKD elevates this risk 4.3-fold. Thus, the cumulative incidence of MI is higher among people with CKD than those with diabetes without CKD (see Figure 1) . When CKD and diabetes are present, the cumulative incidence of MI approaches 20% over 10 years. These effects of CKD and diabetes on mortality and MI are seen despite a large percent of patients using antihypertensive medications, statins, and aspirin. (3) The HR for all-cause mortality is twofold elevated among those with prevalent coronary artery disease. In comparison, the HR for all-cause mortality among those with CKD is 1.8-fold, but that of diabetes is only 1.3-fold elevated. Thus, the mortality hazard for CKD is similar to that of prevalent coronary artery disease. Among patients with type 2 diabetes mellitus, it has been argued that the "clock starts ticking" years before the onset of hyperglycemia (6, 10) . The preceding period of metabolic derangements that accompanies insulin resistance and that is characterized by the metabolic syndrome (e.g., hypertension, abdominal obesity, impaired fasting glucose, low HDL cholesterol, and high triglycerides) is thought to accelerate the atherosclerotic process (11) . Thus, in the management of cardiovascular risk factors, the presence of type 2 diabetes mellitus has been given the same importance as established cardiovascular disease (12, 13) . As in patients with type 2 diabetes mellitus, the diagnosis of CKD occurs at a late stage of kidney disease. A large mass of nephrons is lost before serum creatinine rises and estimated GFR falls (14) . The risk factors for nephron loss such as diabetes mellitus and hypertension are also the same that cause accelerated atherosclerosis. In addition, novel risk factors such as cardiovascular calcification, anemia and accumulation of uremic toxins may aggravate the atherosclerotic process (3). Accordingly, as in patients with diabetes mellitus, proatherosclerotic risk factors accumulate long before CKD is diagnosed. The "silent attack" on nephrons and the vasculature may be even more occult among patients with CKD. We found that compared with those with diabetes mellitus, the incidence of MI and all-cause mortality was similar or increased among those with CKD. This congruent increase in cardiovascular morbidity and all-cause mortality suggests that CKD is a marker of established cardiovascular disease. This risk was seen in a cohort of veterans seen at one medical center, which presumably reduces heterogeneity in access to or in the delivery of care and makes the results even more striking.
Although a previous study pooling several communitybased cohorts has found CKD to be an independent risk factor for a composite outcome of stroke, MI, fatal coronary heart disease, and death, the HR of CKD was much smaller than seen in our study (HR 1.19, 95% CI 1.07 to 1.32) (2). These differences may be due to differences in study design. For example, we used proteinuria to define CKD and measured 24-hour ambulatory BP, covariates that were not accounted for in the above study. Second, by using a competing risk model, we separated the hazards of MI from the competing event of death. Third, our population was older and sicker. As examples, in contrast to the mortality rate of 9.2% in the above study, the mortality rate in our study was 43%; in contrast to the cardiac event rate seen of 5.7%, we uncovered MI in 12.1% of the participants. Fourth, our patients had a lower estimated GFR, which is a strong risk factor for the risk of death and cardiovascular events (1). These differences may have magnified the HR of CKD on the risk of MI and death. Although our study is smaller, it extends the observations seen in other cohorts and suggests that the cardiovascular risk of CKD may be even more profound, especially among older and sicker patients. That CKD can increase the risk for MI, stroke, or cardiovascular death among those with diabetes is well recognized (15) (16) (17) .
Our study has several strengths and limitations. First, we ascertained mortality and MI in each patient who was in the cohort. We did so not via a computerized database query (commonly done via International Classification of Disease codes), but by searching each patient's record for MI. Second, we prospectively collected information on proteinuria, systolic ambulatory BP, medication use, and prevalent Nonetheless, there are several limitations of our data. First, our study is limited to predominantly male veterans and may not apply to younger people and women. Thus, additional studies are needed to validate our findings in other cohorts. Although our sample size was small, the many events and follow-up extending up to a decade provided adequate power to perform these analyses. In fact, recruitment of patients from a single center may have reduced heterogeneity introduced because of access to and delivery of care. Second, we did not collect follow-up BP, medication, and proteinuria information; thus, we cannot comment on the time dependence of the outcomes on these risk factors. Third, deaths were not adjudicated but were extracted from administrative records. It is possible that some of the all-cause mortalities could in fact have represented acute coronary events, especially outside of the hospital. Finally, we did not analyze novel risk factors such as asymmetrical dimethylarginine, which may be important in a competing risk model (20) .
The implications of this research affect the design of clinical trials, policy, and clinical care. Because patients with diabetes mellitus and CKD have an increased risk of MI, clinical trials may need to recruit fewer patients to see a relative risk reduction for interventions that can truly reduce future risk of MI. Increased absolute risk for MI requires fewer numbers needed to treat to prevent an outcome for a therapy that is effective. Therefore, from public health policy perspective, the risk factor reduction may be more aggressively targeted to reduce costs associated with MI. Thus, like diabetes mellitus, CKD may be considered a cardiovascular disease equivalent. The implication of this research for clinical care is more complicated. For example, recent studies have indicated that the use of statins in dialysis patients does not protect from cardiovascular events (21, 22) . However, these trials were not adequately powered. The well powered Study of Heart and Renal Protection trial (23) has now informed us that statins truly improve major atherosclerotic cardiovascular events without changing mortality in this group of patients. Therefore, it appears prudent to aggressively target known cardiovascular risk factors (e.g., by reduction of BP and use of aspirin, statins, and ACE inhibitors) among those with CKD and diabetes mellitus. Our data suggest that patients with CKD have a risk for MI similar to pre-existing coronary disease. If so, interventions to reduce MIs may reduce to a greater extent coronary morbidity and costs among those with CKD than they do among those with diabetes mellitus (24) .
